The Heart Rate Variability (HRV) is an important parameter to assess psychophysiological changes associated with Autonomic Nervous System (ANS). The present study aimed to assess the effect of single bout yoga postures practice on parasympathetic nervous system activity of ANS. Three male subjects having more than 5 years of experience in yoga postures were selected in the current study. These participants were assessed for HRV immediately before and after practice of specific yoga postures practiced for 15 min, 21 min and 27 min on three different days. The yoga practices were selected from hatha yogic texts that may influence brain blood flow resulting autonomic activities.
INTRODUCTION
Mind-body practices have been shown modulation in Heart Rate Variability (HRV) of practitioners. HRV is the promising and non-invasive measurement of instantaneous variation in heart rhythm due to physical and mental stress. The mind-body practices such as yoga, tai-chi, meditation, etc., facilitate autonomic balance in immediate or long-term practitioners. Higher HRV indicates greater parasympathetic control, whereas lower HRV indicates lesser parasympathetic control in the autonomic nervous system. 1 Autonomic imbalance positively associated with aerobic exercise, physical activity, psychological and physiological flexibility and negatively associated with physical exhaustion, mental stress, psychological distress and physical strain. 2 Previous studies on yoga reflected positive changes in various other markers of physiological health such as Heart Rate (HR), Galvanic Skin Resistance (GSR), baroreflex sensitivity and evoked potentials. 1, 3, 4 Further, the association between yoga and HRV has been reported in clinical studies as well. But most of the studies on yoga and HRV is based on either meditation or breathing practices or integrated practice of yoga. Recently, there is a study on regular yoga practitioners affect HRV components and found during standing yoga postures there were increased in the LF power and decreased in the HF power and during inverted and forward bending postures showed opposite results i.e., decrease in the LF power and increase in the HF power. 5, 6 Other few earlier studies also reported that after yoga postures, there is a withdrawal of sympathetic arousal in regular yoga practitioners and reduced Heart Rate (HR). 7, 8 However, there is no investigation recorded the autonomic modulation in three different time periods (i.e., 15 min, 21 min and 27 min) on different days in the same yoga practitioners in single bout of yoga posture practices. The selected postures are also supposed to enhance cognitive functions. Therefore, the present study is designed to investigate the yoga postures intervention effect on the Parasympathetic Nervous System (PNS) using HRV indices.
MATERIALS AND METHODS
Three normal healthy male yoga practitioners (mean age of 25 years) willing to participate in this study after advertising in University notice board. These recruited participants were from the Post Graduate (PG) level and their socioeconomic status was lower middle class. The average height, weight and BMI were 163.16 cm, 61 kg and 22.9 kg/m 2 respectively. All participants had five years' experience in yoga practice. The HRV data were acquired using the NeXus-10 device (Medical Device Directive 93/42/EEC; TMS International BV, the Netherlands). The study was approved by ethical committee of the University and signed informed consent form was obtained from each participants.
Study design
The design of the study was pre-post repetitive assessments where all three participants underwent for three intervention conditions, i.e., 15 min, 21 min and 27 min practice of yoga. The data were collected immediately before and after yoga postures practice on three consecutive days but at the same time of the day. The schematic representation of the design is shown in Figure 1 .
Assessments

Heart Rate Variability (HRV):
The HRV outcomes included LF in percentage (%), HF% and amplitude recorded in Hz unit. The HRV spectrum contains two major components: The High Frequency (HF) (0.18-0.4 Hz) component, which is synchronous with respiration. The second is a Low Frequency (LF) (0.04 to 0.15 Hz) component that appears to be mediated by both the vagus and cardiac sympathetic nerves. Highfrequency (HF) activity has been found to decrease under conditions of acute time pressure and emotional strain and elevated state anxiety, presumably related to focused attention and motor inhibition. 8, 9 Intervention The five yoga postures (asanas) were selected for the present study which is associated with brain functions. 10 Each yoga posture (asana) was performed for an allotted time and repetition cycles accordingly. The details of the yoga practices protocol are shown in Table 1 .
Statistical Analysis
The obtained data were analyzed with descriptive statistics viz. mean, standard deviation and standard error of the mean and percentage changes. However, paired 't' test was not applied to determine the statistical significance of differences due to the very small sample size.
RESULTS
The outcome of the HRV components showed there was an increase in LF % band and decrease in HF % band immediately after 15 min and 21 min practice of yoga postures. But there was a decrease in LF% band after 27 min yoga postures practice. Another component of HRV was HRV amplitude, which showed a trend towards a decrease in 21 min and 27 min of yoga postures. The mean, Standard Deviations (SD) and Standard Error Mean (SEM) of HRV components are given in Table 2 . The heart rate variability before and after yogasana practice is depicted in Figure 2 (LF%), Figure 3 (HF%) and Figure 4 HRV amplitude.
DISCUSSION
The results of the present study showed that the 15 min and 21 min of yoga postures (asana) practice increases in the low frequency (LF%) band and decreases high frequency (HF%). Whereas, after 27 min of yoga postures there were decreased in the LF% band and HRV amplitude. Typically, LF band (0.04-0.15 Hz) mainly reflects baroreceptor activity and sympathetic activity during rest and exercise 8, 11 and other studies have reported no change in LF and LF-HF ratio during exercise. 12 The increased HF band suggests an increase in the vagal activity (parasympathetic) whereas the increased sympathetic activity is associated with LF band of HRV. 8 Generally, the sympathetic activation is required during vigilance and considered necessary to perform an attentional task, while efferent vagal (parasympathetic) activity especially seen in clinical and experimental observations of autonomic maneuvers such as electrical vagal stimulation, muscarinic receptor blockade and vagotomy. 13 But the embedded mechanism of yoga practice effect on the autonomic nervous system is not fully explored. Few studies speculated that after yoga postures there is stimulation of the vagus nerve and enhance parasympathetic outflow and control sensory input to the brain and enhanced mood and reflecting in cardiac functions. 14 Few studies have been reported that a well-balanced vagal activity in long-term yoga practitioners where yoga practices consisted of physical postures (asana), breathing practices (pranayama), meditation (dhyana) and relaxation. 7, 15 In contrast to previous studies, the current study showed the sympathetic arousal and baroreflex activity after 15 and 21 min practice and decreased after 27 min practice of only yoga postures, which suggest that the long-term practice may modulate the autonomic activity and increase vagal tone. As mentioned by the Sage Patanjali in Yoga Sutra (PYS), that when an individual practice yoga postures (asana) for a longer duration, the practice becomes steady, stable and firm that leads to ease and comfortable which enhances pleasure and relaxation (PSY Chapter 2-Verses 46-47). 16 The outcome of the present study followed the ancient literature also reflects that the regular and repeated practice of yoga may enhance relaxation and increases parasympathetic outflow. This outcome may be helpful for cognitive behavior and emotional responses. The limitations of the study are straightforward including, the small sample size; absence of the control group and self as control design. Therefore, further study can be done using an adequate sample size, with complete autonomic and neurophysiological assessments such as Electroencephalogram (EEG), Functional Near-Infrared Spectroscopy (fNIRS) and Evoked Potentials (EPs).
